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AIRFRAME, WING,  AND TAIL AERODYNAMIC CHARACTERISTICS OF A 1/6-SCALE MODEL 

OF THE ROTOR SYSTEMS RESEARCH AIRCRAFT WITH THE ROTORS REMOVED 

Raymond E. Mineck* and Carl E. Freeman* 
Langley Research Center 

SUMMARY 

A wind-tunnel i n v e s t i g a t i o n  w a s  conducted t o  de te rmine  t h e  aerodynamic 
c h a r a c t e r i s t i c s  of  the  r o t o r  systems research aircraft  ( R S R A )  as the  h e l i c o p t e r  
and t h e  compound h e l i c o p t e r  w i t h  t he  r o t o r s  removed. Data were obta ined  over 
ranges  of a n g l e  of a t tack and a n g l e  o f  s i d e s l i p .  R e s u l t s  are p resen ted  for t he  
t o t a l  l o a d s  on the  airframe as well as t h e  l o a d s  on the  wing and the  t a i l .  

The . r e s u l t s  i n d i c a t e  t h a t  the  RSRA has s table  s ta t ic  l o n g i t u d i n a l  and 
d i r e c t i o n a l  characterist ics and has s table  e f f e c t i v e  d i h e d r a l .  The wing pro­
vided a s t a b i l i z i n g  c o n t r i b u t i o n  t o  t h e  s t a t i c  l o n g i t u d i n a l  and d i r e c t i o n a l  sta­
b i l i t y  bu t  provided a d e s t a b i l i z i n g  c o n t r i b u t i o n  t o  t h e  e f f e c t i v e  d i h e d r a l .  The 
a u x i l i a r y  t h r u s t  engine n a c e l l e s  provided a d i r ec t  d e s t a b i l i z i n g  increment t o  
t he  l o n g i t u d i n a l  s t a b i l i t y  by a c t i n g  as a l i f t i n g  s u r f a c e  i n  f r o n t  of  t he  c e n t e r  
of g r a v i t y  and provided an  i n d i r e c t  d e s t a b i l i z i n g  increment by reducing  the  t a i l  
c o n t r i b u t i o n  t o  t h e  l o n g i t u d i n a l  s t a b i l i t y .  The wing a l s o  reduced t h e  t a i l  con­
t r i b u t i o n  t o  t h e  l o n g i t u d i n a l  s t a b i l i t y .  The t a i l  provided a p o s i t i v e  con t r ibu ­
t i o n  t o  t h e  l o n g i t u d i n a l  and d i r e c t i o n a l  s t a b i l i t y  and t o  t he  e . f f e c t i v e  d ihed ra l .  

I N T R O D U C T I O N  

NASA and t h e  U.S. Army are j o i n t l y  developing a unique research h e l i c o p t e r ,  
the  r o t o r  systems research aircraf t  (RSRA). The R S R A  is designed t o  o b t a i n  
a c c u r a t e  data f o r  development and va1ida;ion of  r o t o r c r a f t  t heo ry  and f o r  evalu­
a t i n g  advanced r o t o r  sys tems.  It is equipped wi th  a va r i ab le - inc idence  wing t o  
load  and unload t h e  r o t o r ,  a u x i l i a r y  t h r u s t  eng ines  and d rag  brakes t o  cover a 
wide range of  r o t o r  p r o p u l s i v e  f o r c e ,  and fly-by-wire c o n t r o l s  t o  e v a l u a t e  
advanced f l i g h t  c o n t r o l  systems. The RSRA can be flown as a s i n g l e - r o t o r  h e l i ­
c o p t e r ,  a compound h e l i c o p t e r ,  o r  a fixed-wing a i r c ra f t .  Add i t iona l  de t a i l s  of  
t h e  RSRA may be found i n  r e f e r e n c e  1 .  

Because the  c o n f i g u r a t i o n  is unique ,  f o u r  phases of  wind-tunnel t e s t i n g  
were conducted t o  determine and r e f i n e  t h e  aerodynamic c h a r a c t e r i s t i c s  of t h e  
RSRA. The Phase I test r e s u l t s  i n d i c a t e d  p o t e n t i a l  l a t e ra l  and l o n g i t u d i n a l  
s t a b i l i t y  problems w i t h  t h e  r o t o r s  removed. (See ref. 2.) The Phase I1 and. 
Phase I11 tes t s  r e f i n e d  t h e  c o n f i g u r a t i o n  t o  improve t h e  s t a b i l i t y  l e v e l s .  (See 
refs. 2 and 3.) The Phase I V  test  i n v e s t i g a t e d  mutual i n t e r f e r e n c e  e f f e c t s  of 
t h e  wing, t a i l ,  and f u s e l a g e  both  w i t h  and w i t h o u t ' a  main r o t o r .  (See ref.  4.) 

*Langley D i r e c t o r a t e ,  U.S. Army A i r  Mob i l i t y  R&D Laboratory.  



The resul ts  from reference 4 f o r  t h e  c o n f i g u r a t i o n  wi thou t  t h e  main r o t o r  are 
analyzed h e r e i n .  

SYMBOLS 

The units used f o r  t h e  p h y s i c a l  q u a n t i t i e s  de f ined  i n  t h i s  paper are g iven
i n  t h e  I n t e r n a t i o n a l  System of Uni t s  ( S I )  and p a r e n t h e t i c a l l y  i n  U.S. Customary 
Units .  Measurements and c a l c u l a t i o n s  were made i n  U.S .  Customary Un i t s .  Con­
ve r s ion  f a c t o r s  r e l a t i n g  t h e  two systems are p resen ted  i n  r e f e r e n c e  5. 

The l o n g i t u d i n a l  data on t h e  airframe, wing, and t a i l  are r e so lved  i n  t h e  
s t a b i l i t y - a x i s  system and t h e  la teral  d a t a  i n  t h e  body-axis system. P o s i t i v e  
d i r e c t i o n s  f o r  t h e  moments and f o r c e s  are de f ined  i n  f i g u r e s  l ( a ) ,  l ( b ) ,  
and l ( c )  . The moment r e f e r e n c e  center f o r  t h e  airframe, wing, and t a i l  was 
l o c a t e d  3.81 cm (1.5 i n .  ) behind and 35.13 cm (13.83 i n .  below t h e  c e n t e r  of  
t h e  r o t o r  hub, which is the nominal a f t  c e n t e r  of  g r a v i t y  of  t h e  R S R A .  S ign  
conventions used f o r  t h e  d e f l e c t i o n  a n g l e s  of  t h e  c o n t r o l  s u r f a c e s  are shown i n-
f i g u r e  l ( d ) .  
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wing span ,  2.29 m (90.0 i n . )  


wing mean aerodynamic chord ,  0.423 m (16.67 i n . )  


drag  c o e f f i c i e n t ,  D/qS 


l i f t  c o e f f i c i e n t ,  L/qS 


change i n  l i f t  c o e f f i c i e n t  w i t h  wing i n c i d e n c e ,  dCL/diw, p e r  deg 


l i f t - c u r v e  s l o p e ,  dCL/da, per  deg 


rolling-moment c o e f f i c i e n t  , MX/qSb 


e f f e c t i v e - d i h e d r a l  parameter ,  dC,/dB, p e r  deg 


pitching-moment c o e f f i c i e n t ,  My/qSc 


h o r i z o n t a l - t a i l  e f f e c t i v e n e s s ,  d C m / d i t ,  pe r  deg 


s t a t i c  l o n g i t u d i n a l - s t a b i l i t y  parameter ,  dCm/da, p e r  deg 


yawing-moment c o e f f i c i e n t ,  MZ/qSb 


s t a t i c  d i r e c t i o n a l - s t a b i l i t y  parameter ,  dCn/dB, p e r  deg 


a u x i l i a r y  j e t  engine t h r u s t  c o e f f i c i e n t ,  TJ/qS 


s ide - fo rce  c o e f f i c i e n t  , Fy/qS 


drag, N ( l b f ) ;  r o t o r  diameter, 3.149 m (10.33 f t )  
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O s w a l d  e f f i c i e n c y  f a c t o r  


s i d e  f o r c e ,  N ( l b f )  


h o r i z o n t a l - t a i l  i nc idence  , deg 


wing i n c i d e n c e ,  deg 


l i f t ,  N ( l b f )  


r o l l i n g  moment, N-m ( l b f - i n . )  


p i t c h i n g  moment, N-m ( l b f - i n . )  


yawing moment, N-m ( l b f - i n . )  


free-stream dynamic p r e s s u r e  , P a  ( l b f / f t 2 )  


wing area,  0.954 m2 (10.27 f t 2 )  


t o t a l  a u x i l i a r y  engine t h r u s t ,  N ( l b f )  


f r ee - s t r eam v e l o c i t y ,  m/sec ( f t / sec)  


a n g l e  of a t tack ,  deg 


a n g l e  of s i d e s l i p ,  deg 


f l a p  d e f l e c t i o n ,  deg 


downwash a t  lower h o r i z o n t a l  t a i l ,  deg 


Model components: 


F1 f u s e l a g e  and v e n t r a l  f i n  


F2 f u s e l a g e  and v e n t r a l  f i n  w i t h  main-rotor pylon removed 


HC compound h o r i z o n t a l  t a i l  


HH h e l i c o p t e r  h o r i z o n t a l  t a i l  


J 1  flow-through n a c e l l e s  


J2 a u x i l i a r y  t h r u s t  f a n s  and n a c e l l e s  


V v e r t i c a l  t a i l  


WX v a r i a b l e  wing/ f lap  s e t t i n g s :  


W1 i, = 00, 6f = 00 w2 i, = 7.50, 6f = 00 
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S u b s c r i p t s  : 

f u s  f u s e l a g e  

t t a i l  

W wing 

MODEL AND APPARATUS 

The g e n e r a l  r o t o r  model system ( G R M S )  i n  t h e  Langley V/STOL t u n n e l  was used 
i n  t h i s  i n v e s t i g a t i o n .  The e x t e r n a l  c o n f i g u r a t i o n  was a 1 /6-sca le  model of  t h e  
RSRA.  A d e t a i l e d  three-view ske tch  of t h e  model is presented  i n  f i g u r e  2 ( a ) .  
The dimensions and areas of  t he  model components may be found i n  tab le  I. 

The e x t e r i o r  is i d e n t i c a l  w i th  t h e  Phase I11 model desc r ibed  i n  r e f e r e n c e  3 
excep t  f o r  t h e  main-rotor pylon and t h e  compound t a i l .  The main-rotor pylon was 
widened 2.54 cm (1.00 i n . ) .  The upper h o r i z o n t a l  t a i l  of  t h e  compound t a i l  had 
t h e  same planform, bu t  w i t h  an NACA 0015 a i r f o i l  s e c t i o n  i n s t e a d  of t h e  f l a t  
p l a t e  used i n  Phase 111. The l o w e r - h o r i z o n t a l - t a i l  span w a s  changed t o  114.3 cm 
(45.0 i n . ) .  The v a r i o u s  components of  t h e  model, such as t h e  wings, a u x i l i a r y  
t h r u s t  engine n a c e l l e s ,  and t h e  h o r i z o n t a l  and v e r t i c a l  t a i l s ,  were removable t o  
s imula t e  t h e  RSRA i n  t h e  h e l i c o p t e r  or  t h e  compound h e l i c o p t e r  c o n f i g u r a t i o n  
wi th  t h e  r o t o r s  removed. T r a n s i t i o n  g r i t  was used on t h e  wings, h o r i z o n t a l  
t a i l ,  v e r t i c a l  t a i l ,  and nose of t h e  model t o  t r i p  t he  boundary l a y e r  t o  turbu­
l e n t  f low. 

The va r i ab le - inc idence  wing, which p ivo ted  about  the 3/4-root-chord loca­
t i o n ,  could  be set a t  inc idence  ang le s  o f  -go, O o ,  and 7 . 5 O .  The p a r t i a l - s p a n ,  
s i n g l e - s l o t t e d  f l a p s  were d e f l e c t a b l e  t o  30°. During t h e s e  t e s t s ,  i n  l i e u  of  
sealing t h e  wing r o o t s  t o  t h e  f u s e l a g e ,  large end p l a t e s  were a t t a c h e d  a t  t h e  
wing r o o t s  t o  a l low t h e  wing t o  be mounted on a six-component s t r a in -gage  b a l ­
ance.  Having t h e  wing mounted on t h i s  ba lance  pe rmi t t ed  d i rec t  measurement of  
wing l o a d s .  

The empennage was a t t a c h e d  t o  t h e  GRMS main s t r u c t u r e  w i t h  a s t r a in -gage  
ba lance  t o  measure t h e  empennage l o a d s  d i r e c t l y .  Loads on t h e  empennage 
inc luded  loads  on t h e  t a i l  cone from f u s e l a g e  s t a t i o n  231.78 cm (91.25 i n . )  a f t  
A t  t h a t  p o i n t ,  a 0.28-cm (0 .11- in . )  gap i n  t h e  t a i l  cone allowed c l e a r a n c e  f o r  
ba lance  d e f l e c t i o n s .  The upper h o r i z o n t a l  t a i l s  could  be removed from t h e  ver ­
t i c a l  t a i l ,  and t h e  v e r t i c a l  t a i l  and lower h o r i z o n t a l  t a i l  could be removed 
from t h e  t a i l  cone. Details of t h e  h o r i z o n t a l  and v e r t i c a l  t a i l s  may be found 
i n  f i g u r e  2 ( b ) .  

The v e r t i c a l  t a i l  remained t h e  same f o r  bo th  t h e  h e l i c o p t e r  and t h e  com­
pound h e l i c o p t e r .  An upper h o r i z o n t a l  t a i l  HH, which had an area o f  0.091 m2 
(0.98 f t 2 ) ,  was used f o r  t h e  h o r i z o n t a l  t a i l  f o r  t h e  h e l i c o p t e r .  A compound 
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t a i l  H c o n s i s t i n g  of  a smaller upper h o r i z o n t a l  t a i l ,  w i t h  an area o f  
0.046 m5 (0.48 f t 2 ) ,  and a lower h o r i z o n t a l  t a i l ,  w i t h  an  area o f  0.228 m2 
(2.45 f t 2 ) ,  was used f o r  the  compound h e l i c o p t e r .  

Two removable a u x i l i a r y  t h r u s t  engine  n a c e l l e s  were mounted on the  fuse ­
lage. (See f i g .  2 ( c ) . )  Each n a c e l l e  conta ined  a removable f a n  used t o  s i m u l a t e  
t h e  j e t  t h r u s t .  These f a n s ,  n a c e l l e s ,  and engine  pylon f a i r i n g s  were the  same 
as those  used i n  r e f e r e n c e  3.  The engine pylon f a i r i n g s  were the modified mini­
mum f a i r i n g s .  

Each f a n  had a s t a t o r  and a r o t o r .  A r i n g  w i t h  t u r b i n e  blades w a s  attached 
t o  the  r o t o r .  Dry, h igh-pressure  a i r  directed on to  the  t u r b i n e  b lade  t i p s  drove 
the  f a n  t o  produce t h r u s t .  Each n a c e l l e  had one s t a t i c - p r e s s u r e  o r i f i c e  and  
three t o t a l - p r e s s u r e  probes  mounted i n  the  f a n  e x i t  o f  each engine .  The three 
t o t a l - p r e s s u r e  probes were connected t o  a manifold.  A p r e s s u r e  t r a n s d u c e r  was 
used t o  measure the  d i f f e r e n c e  between the  t o t a l  p r e s s u r e  and the  s ta t ic  pres­
s u r e  t o  o b t a i n  an average  r e f e r e n c e  dynamic p r e s s u r e  a t  the  e x i t .  T h i s  e x i t  
r e f e r e n c e  dynamic p r e s s u r e  was used t o  calibrate the  engine  t h r u s t .  During t h e  
i n v e s t i g a t i o n ,  the f a n s  were removed from t h e  n a c e l l e s  f o r  a "flow-through1I 
mode. 

A photograph of  the model i n  t h e  Langley V/STOL t u n n e l  is shown i n  f ig ­
u re  3.  The model was mounted on t h e  airframe balance  attached t o  a special  
model s t i n g .  T h i s  s t i n g  model suppor t  system a l lows  high a n g l e s  of  at tack and 
s i d e s l i p  t o  be obta ined  and keeps t h e  model nea r  t h e  c e n t e r  of t h e  test s e c t i o n  
f o r  p i t c h ,  roll, and yaw excur s ions .  High-pressure a i r  is piped i n t o  t h e  model 
from an a i r  plenum mounted d i r e c t l y  be low- the  t o t a l  ba lance .  This  plenum i s  fed  
by an a i r  l i n e  running through t h e  c e n t e r  of  t h e  s t i n g .  A r e v e r s e  double c o i l  
i n  t h i s  a i r  l i n e  minimizes p r e s s u r e  effects  and mechanical tare  effects o f  t h e  
a i r  l i n e  c r o s s i n g  the t o t a l  ba lance .  

The data recorded du r ing  t h e  t es t  c o n s i s t e d  of averaged va lues  taken  from 
the  s t r a in -gage  ba lances ,  a i r  p r e s s u r e s ,  engine  e x i t  p r e s s u r e s ,  and wind-tunnel 
t es t  c o n d i t i o n s .  

TEST C O N D I T I O N S  AND CORRECTIONS 

T h i s  i n v e s t i g a t i o n  w a s  conducted i n  t h e  Langley V/STOL t u n n e l ,  which 
is a c l o s e d - r e t u r n ,  a tmospher ic  t u n n e l  w i t h  a test  s e c t i o n  measuring 4.42 m 
(14.50 f t )  by 6 .63  m (21.75 f t )  . Tunnel free-stream dynamic p r e s s u r e  was v a r i e d  
from 0 P a  ( 0  l b f / f t 2 )  t o  2633 Pa  (55 l b f / f t 2 ) .  All t e s t i n g  w a s  conducted w i t h  
the model c l o s e  t o  t h e  c e n t e r  l i n e  of  t h e  test  s e c t i o n .  

The a u x i l i a r y  engine  t h r u s t  was c a l i b r a t e d  s t a t i c a l l y  ( z e r o  wind speed)  as 
a f u n c t i o n  of  the  e x i t  dynamic p r e s s u r e .  However, a t  forward. speeds t h e  e x i t  
dynamic p r e s s u r e  should  be e q u a l  t o  t h e  free-stream dynamic p r e s s u r e  when t h e  
engine produces no t h r u s t .  To account f o r  t h i s ,  t h e  free-stream dynamic pres ­
sure w a s  s u b t r a c t e d  from t h e  e x i t  dynamic p r e s s u r e  and t h i s  r e s u l t  w a s  then  used 
i n  t h e  s ta t ic  c a l i b r a t i o n .  This  s t a t i c  c a l i b r a t i o n  w a s  the same type  used i n  
r e f e r e n c e  3 t o  provide  a d i rec t  comparison of  thh  r e s u l t s  from t h e  two tests. 
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The engine  t h r u s t s  were balanced f o r  z e r o  yawing moment a t  maximum t h r u s t  a t  
s ta t ic  c o n d i t i o n s .  

The b a s i c  f u s e l a g e  was t e s t e d  w i t h  s e v e r a l  combinations of  t h e  t a i l ,  wing, 
and jets t o  determine t h e  aerodynamic c o n t r i b u t i o n  of each component. F ive  
wing/ f lap  s e t t i n g s  were used f o r  the  compound h e l i c o p t e r :  iw/6f o f  -90/Oo,  
O o / O o ,  O o / 3 O 0 ,  7 .50/0°, and 7. 5O/3Oo. The h o r i z o n t a l - t a i l  inc idence  was set a t  
Oo f o r  a l l  t e s t i n g ,  excep t  where noted .  The a u x i l i a r y  j e t  t h r u s t  c o e f f i c i e n t  
was set a t  z e r o ,  t r i m ,  and a l t e r n a t e  t h r u s t  l e v e l s  (above or below t r i m  t h r u s t ) .  
For z e r o  t h r u s t ,  t h e  dynamic p r e s s u r e  a t  the  j e t  e x i t  was set equa l  t o  t h e  free-
stream dynamic p r e s s u r e  a t  Oo a n g l e  of at tack. A t  t r i m  t h r u s t ,  t h e  t h r u s t  l e v e l  
was set f o r  ze ro  model drag  (CD = 0) a t  Oo a n g l e  of  at tack. For a l l  cases, t he  
f a n  r o t a t i o n a l  speed f o r  t he  d e s i r e d  t h r u s t  l e v e l  was h e l d  c o n s t a n t  f o r  t he  
angle-of -a t tack  or  ang le -o f - s ides l ip  v a r i a t i o n .  

S e v e r a l  c o r r e c t i o n s  were made i n  t h e  data r e d u c t i o n  scheme t o  compensate 
f o r  c e r t a i n  i d e n t i f i a b l e  mechanical and aerodynamic i n t e r f e r e n c e s .  Cor rec t ion  
f a c t o r s  were obta ined  f o r  ( 1 )  t h e  effect  o f  t h e  a i r  l i n e  c r o s s i n g  t h e  airframe 
balance ;  ( 2 )  t h e  effect  of  the  model suppor t  system; ( 3 )  t h e  effect  of t h e  prox­
i m i t y  of t h e  s t i n g  t o  t h e  model; and ( 4 )  t h e  effects of t h e  wind-tunnel walls. 
The effect  of the  a i r  l i n e  was determined by load ing  t h e  ba lance  s t a t i c a l l y  w i t h  
the a i r  l i n e  c r o s s i n g  the ba lance  and the  a i r  l i n e  removed. The effect  of  t h e  
model suppor t  system was determined by r o t a t i n g  t h e  j o i n t s  of t h e  s t i n g  i n  such 
a way as t o  main ta in  a c o n s t a n t  model a t t i t u d e  so t h a t  v a r i a t i o n s  of  model l o a d s  
could  be a t t r i b u t e d  t o  t u n n e l  f low a l t e r a t i o n s  caused by j o i n t  p o s i t i o n .  The 
e f f e c t  of t h e  proximi ty  of  t h e  s t i n g  was estimated from unpublished data from 
Phase I11 tests. I n  these tes ts ,  a l a r g e  tube  was a t t a c h e d  t o  t h e  s t r u t  model 
suppor t  system i n  t h e  same p o s i t i o n  as the  s t i n g  mount of Phase I V .  The methods 
descr ibed i n  r e f e r e n c e  6 were used t o  account f o r  the  w a l l  effects.  

PRESENTATION OF RESULTS 

The r e s u l t s  of t h e  wind-tunnel i n v e s t i g a t i o n  have been presented  i n  c o e f f i ­
c i e n t  form. The wing, t a i l ,  and airframe f o r c e s  and moments are a l l  r e so lved  
about t he  same c e n t e r  of g r a v i t y  and a r e  nondimensionalized by t h e  same f a c t o r s .  
The l o n g i t u d i n a l  aerodynamic data are p resen ted  i n  f i g u r e s  4 t o  24; t h e  l a t e r a l  
aerodynamic da ta ,  f i g u r e s  25 t o  42. The fo l lowing  table  is  a guide t o  t h e  f ig­
u r e s  f o r  t he  airframe, wing, and t a i l  data: 

F igure  f o r  -
Airframe Wing Tail  

Longi tudina l  aerodynamic c h a r a c t e r i s t i c s :  
Comparison of Phase I V  and Phase  I11 . . . . . . . . .  4 t o  9 
E f f e c t  of empennage components . . . . . . . . . . . .  10 20 
Effect of wing inc idence  and f l a p  d e f l e c t i o n  . . . . .  1 1  17 21 
E f f e c t  of  wing l i f t  on fuselage l i f t  . . . . . . . . .  18 
Effect of a u x i l i a r y  t h r u s t  n a c e l l e s  . . . . . . . . .  12 22 
Effect of h o r i z o n t a l - t a i l  inc idence  . . . . . . . . .  13 23 
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Figure  f o r  -
Airframe Wing T a i l  

Downwash a t  t a i l  . . . . . . . . . . . . . . . . . . .  14 

Effect of  a u x i l i a r y  engine  t h r u s t  . . . . . . . . . .  15,16 19 24 


Lateral aerodynamic c h a r a c t e r i s t i c s :  
Comparison o f  Phase I I I ' a n d  Phase I V  . . . .  . . . . .  25 
Effect of  v e r t i c a l  t a i l  . . . . . . . . . .  . . . . .  26 37 
Effect of  h o r i z o n t a l  t a i l  . . . . . . . . .  . . . . .  27 38 
E f f e c t  of wing inc idence  and f l a p  d e f l e c t i o n  

wi thout  t h e  t a i l  . . . . . . . . . . . . .  . . . . .  28 33 
Effect of  wing inc idence  and f l a p  d e f l e c t i o n  

wi th  t h e  t a i l  . . . . . . . . . . . . . .  . . . . .  29 34 39 
Effect of  a u x i l i a r y  t h r u s t  n a c e l l e s  . . . .  . . . . .  30 40 
E f f e c t  of ang le  of a t t a c k  . . . . . . . . . .  . . . . .  31 35 41 
Effect of  a u x i l i a r y  engine t h r u s t  . . . . .  . . . . .  32 36 42 

D I S C U S S I O N  OF RESULTS 

Long i tud ina l  Aerodynamic Characterist ics 

_ _ _ _  -Comparison o f - P h a s e - I V  and Phase 111.- There were s e v e r a l  d i f f e r e n c e s  i n  
t h e  e x t e r n a l  contours  of  t h e  models used i n  Phase I V  and Phase 111. (See t h e  
s e c t i o n  "Model and Apparatus".)  The r e s u l t s  from Phase I11 sugges t  t h a t  t h e  
data c o n t a i n  some i n t e r f e r e n c e  effects  a r i s i n g  from t h e  model s t r u t  suppor t .  
Because of  t h e  d i f f e r e n c e  i n  t h e  model e x t e r n a l  con tour s  and t h e  i n t e r f e r e n c e ,  
f i v e  c o n f i g u r a t i o n s  were retested i n  Phase I V :  t he  f u s e l a g e  and v e r t i c a l  t a i l  
w i t h  (1)  the  wing; ( 2 )  the h o r i z o n t a l  t a i l ;  ( 3 )  t he  wing and h o r i z o n t a l  t a i l ;  
( 4 )  t he  wing and the  j e t s ;  and ( 5 )  t h e  wing, h o r i z o n t a l  t a i l ,  and j e t s .  The 
r e s u l t s  f o r  these c o n f i g u r a t i o n s  are p resen ted  i n  f i g u r e s  4 t o  8 .  The data f o r  
Phase 111 presented  i n  f i g u r e  5 ( b )  are f o r  t he  118.5-cm (46 .67- in . )  span lower 
h o r i z o n t a l  t a i l ;  t he  data i n  f i g u r e  6 are f o r  t h e  127.0-cm (50 .0- in . )  span lower 
h o r i z o n t a l  t a i l .  The data p resen ted  i n  f i g u r e  8 f o r  Phase I11 are the  average  
of  t h e  data f o r  t h e  118.5-cm (46 .67- in . )  span t a i l  and t h e  110.1-cm (43.33-in.)  
span t a i l .  

I n  g e n e r a l ,  t he  l o n g i t u d i n a l  data from Phase I11 and Phase I V  f o r  e i t he r  
but  no t  both the wing and t h e  h o r i z o n t a l  t a i l  are i n  r easonab le  agreement 
( f i g s .  4, 5, and 7 ) .  With t h e  wing on and t h e  h o r i z o n t a l  t a i l  removed, t h e  
Phase I V  data show a higher l i f t  c o e f f i c i e n t  (by 0.03) and a nose-down p i t ch ing ­
moment-coefficient increment o f  0.02. The model s ta l l s  a t  a h ighe r  a n g l e  of  
at tack i n  Phase  I V  t han  i n  Phase I11 ( f i g .  4 ( a ) ) .  These d i f f e r e n c e s  may be 
caused by some of  the changes i n  the model, by t h e  d i f f e r e n c e s  i n  t he  a u x i l i a r y  
engine t h r u s t  l e v e l s ,  by t h e  i n t e r f e r e n c e s  from the model suppor t  system, o r  by 
small d i f f e r e n c e s  i n  t h e  p o s i t i o n s  de f ined  as Oo a n g l e  of  at tack o r  Oo wing o r  
t a i l  i nc idence .  The d a t a  from f i g u r e  4 have been r e p l o t t e d  i n  f i g u r e  9 t o  
o b t a i n  t h e  Oswald e f f i c i e n c y  f a c t o r  e .  The r e s u l t s  from Phase I V  correspond t o  
e 0.71; whereas, the r e s u l t s  from Phase I11 f o r  O0 wing inc idence  correspond t o  
e 0.98 and f o r  7.5O wing inc idence ,  t o  e = 0.76. It is n o t  understood what 
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caused t h e  small v a l u e s  of  induced drag  which l ed  t o  t h e  high va lue  o f  e f o r  
Oo w i n g  i nc idence  i n  Phase 111. 

With t h e  wing and t a i l  on ,  the d i f f e r e n c e s  i n  l i f t  and pitching-moment 
c o e f f i c i e n t s  are larger than  p rev ious ly  noted .  (See f i g s .  6 and 8.)  The l i f t  
c o e f f i c i e n t s  are about  0.05 h ighe r  and t h e  nose-down pitching-moment c o e f f i ­
c ients  are about  0.13 more i n  Phase IV t han  i n  Phase 111. A s  t h e  wing inc idence  
o r  f l a p  d e f l e c t i o n  increases, t h e  d i f f e r e n c e  i n  l i f t  and pitching-moment c o e f f i ­
c i e n t s  between Phase I11 and Phase IV i n c r e a s e s .  (See f i g .  8 . )  For both  
phases ,  t h e  s t a t i c  l o n g i t u d i n a l  s t a b i l i t y  C% decreases nea r  O0 a n g l e  of  

a t t a c k .  A l i m i t e d  amount of  data was ob ta ined  f o r  an  inc reased  s e p a r a t i o n  
between t h e  s t i n g  and t a i l .  These d a t a  i n d i c a t e  t h a t  t h e  s t i n g  i n t e r f e r e n c e  on 
t h e  t a i l  moderately i n c r e a s e s  w i t h  i n c r e a s i n g  wing l i f t .  P a r t  of t h e  s t a b i l i t y  
deg rada t ion  and p a r t  o f  t h e  d i f f e r e n c e  i n  l i f t  and p i t c h i n g  moment may t h e r e f o r e  
be a t t r i b u t a b l e  t o  s t i n g  aerodynamic i n t e r f e r e n c e .  

For t h e  t a i l - o n  c o n f i g u r a t i o n s ,  t h e  d i f f e r e n c e  i n  l i f t  and pitching-moment 
c o e f f i c i e n t s  may a l s o  be due t o  a d i f f e r e n c e  i n  t h e  t a i l  a n g l e  of  a t t a c k .  (See 
f i g s .  6 and 8 . )  This  could  be caused by a d i f f e r e n c e  i n  e i t h e r  t a i l  inc idence  
( tha t  is, e r r o r  i n  t a i l - i n c i d e n c e  s e t t i n g )  o r  downwash a t  t h e  t a i l  between 
Phase I11 and Phase IV. Also, t h e  d i f f e r e n c e  i n  t h e  a u x i l i a r y  engine t h r u s t  
l e v e l  w i l l  a f f e c t  the  p i t c h i n g  moment because t h e  t h r u s t  l i n e  is above t h e  
moment r e f e r e n c e  c e n t e r .  If the  d i f f e r e n c e  i n  model drag  is  used as an ind ica ­
t i o n  of t h e  d i f f e r e n c e s  i n  model t h r u s t ,  t h e  pitching-moment data w i l l  be i n  
c l o s e r  agreement. 

Airframe loads . - The model was tested wi th  v a r i o u s  components mounted on 
t h e  f u s e l a g e  t o  determine t h e  aerodynamic c o n t r i b u t i o n  of  each component and t h e  
mutual i n t e r f e r e n c e  e f f e c t s  between t h e  components. The l i f t - c u r v e  s l o p e  and 
s t a t i c  l o n g i t u d i n a l  s t a b i l i t y  were computed, and t h e  r e s u l t s  are p resen ted  i n  
table  11. The f u s e l a g e  was tested wi th  and wi thout  t h e  empennage f o r  t h e  wings 
o f f  and on ,  and t h e  r e s u l t s  are presented  i n  f i g u r e  IO. Adding the  v e r t i c a l  
t a i l  t o  t h e  f u s e l a g e  has a n e g l i g i b l e  e f f e c t  on t h e  l i f t - c u r v e  s l o p e  o r  t h e  
s t a t i c  l o n g i t u d i n a l  s t a b i l i t y .  (See f i g .  1 0 ( a > . )  The a d d i t i o n  of  t h e  compound 
t a i l  t o  t h e  f u s e l a g e  changed '2% from O.Oll/deg t o  -0.052/deg. The l i f t - c u r v e  

s l o p e  based on wing area f o r  t h e  f u s e l a g e  w i t h  t h e  compound t a i l  was 0.020/deg. 
The a d d i t i o n  of t h e  h e l i c o p t e r  t a i l  changed t h e  l o n g i t u d i n a l  s t a t i c  s t a b i l i t y  
from O.Oll/deg t o  -0.020/deg. The h e l i c o p t e r  w i th  e i ther  t h e  h e l i c o p t e r  t a i l  o r  
t h e  compound t a i l  bu t  wi thout  t h e  r o t o r  has  s ta t ic  l o n g i t u d i n a l  s t a b i l i t y .  The 
l i f t - c u r v e  s l o p e  based on wing area f o r  t h e  f u s e l a g e  and the  h e l i c o p t e r  t a i l  w a s  
0.007/deg. 

The a d d i t i o n  of  t he  compound h o r i z o n t a l  t a i l  t o  t h e  f u s e l a g e  wi th  t h e  wing 
adds a p o s i t i v e  increment i n  p i t c h i n g  moment a t  O0 a n g l e  of at tack. (See 
f i g s .  10(b)  and l O ( c ) . )  This  nose-up pitching-moment change is  caused by t h e  
wing downwash a t  the t a i l .  The s t a t i c  l o n g i t u d i n a l  s t a b i l i t y  is reduced t o  
-0.0327/deg f o r  O0 wing inc idence  wi th  t h e  f l a p s  r e t r a c t e d  ( f i g .  1 0 ( b ) )  and t o  
-0.0248/deg f o r  7.5O wing inc idence  wi th  t h e  f l a p s  deflected 300 ( f i g .  l O ( c ) ) .
The s t a b i l i t y  r educ t ion  is caused by an i n c r e a s e  i n  dE/da and a r educ t ion  i n  
dynamic p r e s s u r e  a t  t h e  t a i l .  
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The f u s e l a g e  was tested w i t h  f i v e  wing/ f lap  settings (combina t ions  o f  w i n g  
i nc idence  and f l a p  d e f l e c t i o n ) :  -9O/OO, OO/Oo, 7.50/00, 00/300,  and 7.50/300., 
These r e s u l t s  are presented  i n  f i g u r e  11 f o r  the  w i n g  and ( 1 )  the f u s e l a g e ,  
( 2 )  the  f u s e l a g e  and compound t a i l ,  and ( 3 )  the  f u s e l a g e ,  a u x i l i a r y  t h r u s t  jets,  
and compound t a i l .  The a d d i t i o n  o f  t he  wing t o  the  f u s e l a g e  a l o n e  i n c r e a s e s  
t h e  s t a t i c  l o n g i t u d i n a l  s t a b i l i t y ,  because  the  w i n g  c e n t e r  o f  p r e s s u r e  is 
s l i g h t l y  a f t  of the  moment r e f e r e n c e  c e n t e r .  (See f i g .  I l ( a ) . )  The l i f t - c u r v e  
s l o p e  CL,, which is not  dependent on wing inc idence  f o r  the  c o n d i t i o n s  tested,. 

is about  0.074/deg w i t h  the f l a p s  retracted and 0.076/deg w i t h  the  f l a p s  
deflected. The maximum l i f t  c o e f f i c i e n t  was larger f o r  Oo wing inc idence  than  
f o r  7.5O wing inc idence .  T h i s  is a t t r i b u t e d  t o  inc reased  f u s e l a g e  l i f t .  The 
change i n  l i f t  c o e f f i c i e n t  w i t h  wing inc idence  C L ~ ,  w a s  eva lua ted  a t  Oo a n g l e  

of  at tack. The c a l c u l a t e d  v a l u e s  were 0.065/deg w i t h  the f l a p s  r e t r a c t e d  and 
0.068/deg wi th  t he  f laps  deflected. This  v a l u e  is less t h a n  t h a t  f o r  'the l i f t -
curve  s l o p e  because t h e  change i n  f u s e l a g e  l i f t  is small when only  t h e  wing 
inc idence  is changed. These r e s u l t s  are i n  good agreement w i t h  t hose  ob ta ined  
i n  r e f e r e n c e  3.  

The e f fec t  o f  wing inc idence  and f l a p  d e f l e c t i o n  on t h e  c o n f i g u r a t i o n  w i t h  
t h e  compound t a i l  i n s t a l l e d  is p resen ted  i n  f i g u r e  I l ( b ) .  I n c r e a s i n g  the  wing 
inc idence  o r  d e f l e c t i n g  the  f l a p s  i n c r e a s e s  t he  downwash and decreases the  
dynamic p r e s s u r e  a t  the  t a i l .  The inc reased  downwash r e s u l t s  i n  an incrementa l  
i n c r e a s e  i n  p i t c h i n g  moment. I n  g e n e r a l ,  i n c r e a s i n g  the  wing l i f t  by i n c r e a s i n g  
t h e  wing inc idence  or  f l a p  d e f l e c t i o n  decreases t h e  s t a b i l i t y .  T h i s  decrease 
i n  s t a b i l i t y  is larger w i t h  t h e  a u x i l i a r y  t h r u s t  eng ines  i n s t a l l e d .  (See 
f i g s .  l l ( c )  and I l ( d ) . )  

The effect  o f  the  a u x i l i a r y  t h r u s t  engine  n a c e l l e s  is shown i n  f i g u r e  12. 
The wing inc idence  was set a t  O o ,  t h e  f l a p s  were re t racted,  and t h e  compound-
t a i l  inc idence  w a s  set a t  0 0 .  The a d d i t i o n  of  flow-through n a c e l l e s  decreased 
t h e  s t a t i c  l o n g i t u d i n a l  s t a b i l i t y  from -0.0327/deg t o  -0.0132/deg. The l i f t -
curve s l o p e  inc reased  s l i g h t l y  from 0.086/deg t o  0.090/deg. The effects  of t he  
n a c e l l e s  w i t h  t h e  f a n s  ( w i t h  C T , J  = 0 )  are similar t o  those  f o r  the flow-
through n a c e l l e s .  

The effect  of h o r i z o n t a l - t a i l  i nc idence  on the  l o n g i t u d i n a l  aerodynamic 
c h a r a c t e r i s t i c s  is  p resen ted  i n  f i g u r e  13. The h o r i z o n t a l - t a i l  e f f e c t i v e n e s s  
',it was eva lua ted  from data f o r  01 between - 5 O  and 5 O .  The effect  of 

h o r i z o n t a l - t a i l  i nc idence  f o r  t h e  h e l i c o p t e r  t a i l  is p resen ted  i n  f i g u r e  1 3 ( a )  
The t a i l  l i f t - c u r v e  s l o p e ,  based on wing area, was 0.0071/deg and 

Cmitwas 
-0.0329/deg. The v a r i a t i o n  of  downwash w i t h  a n g l e  of  a t t a c k . w a s  computed and 
t h e  r e s u l t s ,  p re sen ted  i n  f i g u r e  14,  i n d i c a t e d  a v a l u e  f o r  d d d a  of  0.098. 
T h i s  small va lue  was expec ted  because of  the  h igh  p o s i t i o n  o f  t h e  upper h o r i ­
z o n t a l  t a i l .  

The effect  of  h o r i z o n t a l - t a i l  i nc idence  for'  t h e  compound t a i l  i s  p resen ted  
i n  f i g u r e s  13(b)  and 1 3 ( c ) .  The a u x i l i a r y  t h r u s t  eng ines  were i n s t a l l e d  and the 
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w i n g  i nc idence  and f l a p  d e f l e c t i o n  were set a t  O o .  There were no data f o r  t h e  
h o r i z o n t a l  t a i l  o f f  f o r  t h i s  c o n f i g u r a t i o n ,  so t h e  t a i l - o f f  data were computed 
by removing t h e  l o a d s  measured on t h e  t a i l  ba l ance  from t h e  l o a d s  measured on 
t h e  main ba lance .  The h o r i z o n t a l - t a i l  e f f e c t i v e n e s s  Cmit was -0.0418/deg a t  

ze ro  t h r u s t  and -0.0474/deg a t  t r i m  t h r u s t .  Before comparing these r e s u l t s  
w i th  those  o f  r e f e r e n c e  3,. a c o r r e c t i o n  should  be made f o r  t h e  d i f f e r e n c e  i n  
t a i l  spans .  If a c o r r e c t i o n  f a c t o r  o f  0 .9  ( t h e  r a t i o  of  t h e  t a i l  span used i n  
t h e  p r e s e n t  i n v e s t i g a t i o n  t o  t h a t  used i n  ref. 3) is used ,  ',it from ref­

erence  3 would be -0.042l/deg a t  z e r o  t h r u s t  and -0.0450/deg a t  t r i m  t h r u s t .  
These r e su l t s  are i n  good agreement w i t h  the  p r e s e n t  i n v e s t i g a t i o n .  

Since Cmit 
becomes more nega t ive  wi th  i n c r e a s i n g  t h r u s t ,  i t  fo l lows  t h a t  t h e  dynamic p res ­
s u r e  a t  t h e  t a i l  i n c r e a s e s  wi th  t h r u s t .  

No a a t a  were a v a i l a b l e  f o r  t he  upper h o r i z o n t a l  t a i l  of  t h e  compound t a i l  
on and t h e  lower t a i l  o f f .  The c o n t r i b u t i o n  o f  t h e  upper h o r i z o n t a l  t a i l  was 
estimated by us ing  t h e  c o n t r i b u t i o n  of  t h e  h e l i c o p t e r  t a i l ,  c o r r e c t e d  f o r  t h e  
d i f f e r e n c e  i n  area, and t h e  r e s u l t  was added t o  t h e  t a i l - o f f  data. These es t i ­
mated t a i l - o f f  data were used t o  compute t h e  downwash a t  t h e  lower h o r i z o n t a l  
t a i l  and t h e  r e s u l t s ,  p re sen ted  i n  f i g u r e  14, i n d i c a t e d  a va lue  f o r  d� /da  of  
0.65 f o r  z e r o  t h r u s t  and 0.90 f o r  t r i m  t h r u s t  ( C T , J  = 0 .18) .  

The effect  of  a u x i l i a r y  engine t h r u s t  l e v e l  on the  l o n g i t u d i n a l  aerodynamic 
c h a r a c t e r i s t i c s  is presented  i n  f i g u r e  15 f o r  wing inc idence  angles of  Oo and 
7.5O wi th  t h e  f l a p s  retracted and d e f l e c t e d .  The compound t a i l  was se t  a t  Oo 
i nc idence .  This  c o n f i g u r a t i o n ,  which r e p r e s e n t s  the compound h e l i c o p t e r ,  had 
s t a t i c  l o n g i t u d i n a l  s t a b i l i t y  f o r  t h e  wing i n c i d e n c e  a n g l e s  tested. I n  g e n e r a l ,  
i n c r e a s i n g  the t h r u s t  c o e f f i c i e n t  i n c r e a s e s  CL, s l i g h t l y  and dec reases  cmcl 
a t  nega t ive  a n g l e s  of  a t t a c k .  The change i n  CL, comes from t h e  component of 

t h r u s t  i n  t h e  l i f t  d i r e c t i o n ;  t h e  change i n  l o n g i t u d i n a l  s t a b i l i t y  comes from 
t h e  i n c r e a s e  i n  dc:/da a t  t h e  lower h o r i z o n t a l  t a i l  w i t h  t h r u s t .  The e f f e c t  of 
t h r u s t  c o e f f i c i e n t  on t h e  s t a t i c  l o n g i t u d i n a l  s t a b i l i t y  of t h e  compound he l icop­
ter  is  summarized i n  f i g u r e  16. 

Wing loads . - The wing ba lance  measured t h e  wing f o r c e s  and moments 
d i r e c t l y .  To make comparisons between t h e  wing and a i r f r a m e  data easier,  the 
w i n g  data are nondimensionalized by t h e  same f a c t o r s  as t h e  a i r f r a m e  data ,  and 
t h e  moment data are r e so lved  about t h e  same moment r e f e r e n c e  c e n t e r .  The effect  
of  wing inc idence  on the wing l o n g i t u d i n a l  aerodynamic c h a r a c t e r i s t i c s  is  p re ­
sen ted  i n  f i g u r e  17 f o r  t h e  a u x i l i a r y  t h r u s t  n a c e l l e s  on and o f f  and t h e  t a i l  on 
and o f f .  Without t he  n a c e l l e s  or  t a i l  ( f i g .  1 7 ( a ) ) ,  d e f l e c t i n g  t h e  f l a p s  300 
f o r  Oo w i n g  inc idence .  a t  Oo ang le  of attack produces a 0.50 change i n  wing l i f t  
c o e f f i c i e n t  and a nose-down increment of 0.37 i n  wing pitching-moment c o e f f i ­
c i e n t .  The change i n  wing l i f t  w i t h  ang le  of  a t t a c k  was 0 .06l /deg  f o r  t h e  f l a p s  
r e t r a c t e d  and 0.064/deg f o r  t h e  f l a p s  d e f l e c t e d .  The wing provides  a s t a b i l i z ­
i n g  c o n t r i b u t i o n  t o  t h e  l o n g i t u d i n a l  s t a b i l i t y  because t h e  wing c e n t e r  of p r e s ­
s u r e  is behind t h e  moment r e f e r e n c e  c e n t e r .  The change i n  wing l i f t  w i th  wing 
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i nc idence  was 0.0545/deg. Th i s  is smaller than  t h e  va lue  obta ined  on t h e  air­
frame because of  t h e  i n t e r f e r e n c e  of  t h e  f u s e l a g e  on t h e  wing. 

The l i f t  on t h e  f u s e l a g e  w a s  computed by removing t h e  l i f t  measured on t h e  
wing ba lance  ( f i g .  1 7 ( a ) )  from t h e  t o t a l  l i f t  measured on t h e  a i r f r a m e  ba lance  
( f i g .  11 ( a ) ) .  The r e s u l t s  f o r  t h e  v a r i o u s  wing/ f lap  s e t t i n g s  have been c ross -
p l o t t e d  i n  f i gu re  18 f o r  several va lues  of  f u s e l a g e  angle of  a t t a c k .  The sig­
n i f i c a n c e  of t h e s e  r e s u l t s  is t h a t  t h e  f u s e l a g e  expe r i ences  an i n c r e a s e  i n  l i f t  
induced by an inc reaSe  i n  wing l i f t .  

With t h e  t a i l  and n a c e l l e s  on and t h e  j e t s  a t  C T , J  = 0 ,  t h e  r e s u l t s  are 
s l i g h t l y  d i f f e r e n t  ( f i g .  1 7 ( b ) ) .  The l i f t - c u r v e  s l o p e  f o r  a l l  wing/ f lap  set­
t i n g s  decreased  s l i g h t l y  t o  0.057/deg, a l though t h e r e  w a s  no s i g n i f i c a n t  change 
i n  t h e  pitching-moment s l o p e s .  Deflecting t h e  f l a p s  30° produces t h e  same 
changes i n  p i t c h i n g  moment and l i f t  as obta ined  wi th  t h e  n a c e l l e s  and t a i l  o f f .  

The effect  of t h e  a u x i l i a r y  engine  t h r u s t  on t h e  wing aerodynamic charac­
ter is t ics  is presented  i n  f i g u r e  19 , f o r  s e v e r a l  wing/ f lap  s e t t i n g s .  I n  g e n e r a l ,  
t h e  a d d i t i o n  of  t h r u s t  i n c r e a s e s  t h e  l i f t  s l i g h t l y  excep t  nea r  s t a l l ,  makes t h e  
p i t c h i n g  moment s l i g h t l y  more n e g a t i v e ,  and reduces  t h e  wing drag .  The t h r u s t  
does not  a f f e c t  t h e  wing c o n t r i b u t i o n  t o  t h e  l o n g i t u d i n a l  s t a b i l i t y .  The 
effects i n c r e a s e  wi th  i n c r e a s i n g  wing inc idence  o r  f l a p  d e f l e c t i o n .  

T a i l  l oads . - The t a i l  ba l ance  measured t h e  empennage f o r c e s  and moments 
d i r e c t l y .  A s  was done f o r  t h e  wing, t h e  t a i l  d a t a  are nondimensionalized by t h e  
same f a c t o r s  as t h e  a i r f r a m e  d a t a ,  and t h e  moments are re so lved  about t h e  same 
moment r e f e r e n c e  c e n t e r .  The aerodynamic c h a r a c t e r i s t i c s  of  t h e  h e l i c o p t e r  t a i l  
and t h e  compound t a i l  on t h e  f u s e l a g e  a l o n e  are p resen ted  i n  f i g u r e  20. The 
t a i l  l i f t  and t h e  t a i l  c o n t r i b u t i o n  t o  t h e  s t a t i c  l o n g i t u d i n a l  s t a b i l i t y  ( d i f ­
f e r e n c e  between t a i l - o n  and t a i l - o f f  s t a b i l i t y )  agree wi th  t h e  r e s u i t s  from 
f i g u r e  1 0 ( a ) .  

The e f f e c t  o f  wing inc idence  and f l a p  d e f l e c t i o n  is  shown i n  f i g u r e  21. 
Adding t h e  wing t o  t h e  f u s e l a g e  increases t h e  downwash a t  t h e  t a i l  and reduces  
t h e  t a i l  c o n t r i b u t i o n  t o  s t a b i l i t y .  (See f i g .  2 1 ( a ) . )  The t a i l  c o n t r i b u t i o n  t o  
s t a b i l i t y  i n c r e a s e s  wi th  a n g l e  of  a t t a c k  f o r  7.5O wing inc idence  a t  t r i m  t h r u s t .  
(See f i g .  2 1 ( c ) . )  

A s  shown i n  f i g u r e  22, t h e  a d d i t i o n  of  t h e  a u x i l i a r y  t h r u s t  engine nacelles 
reduces  t h e  s t a b i l i t y  c o n t r i b u t i o n  of  t h e  t a i l  from -0.039/deg t o  -0.030/deg. 
This  s t a b i l i t y  r e d u c t i o n  is about  one-half o f  t h e  r e d u c t i o n  due t o  n a c e l l e s  i n  
t h e  a i r f r a m e  p i t c h i n g  moment. (See f i g .  12.)  The o t h e r  h a l f  arises from t h e  
n a c e l l e s  and pylons a c t i n g  as l i f t i n g  s u r f a c e s  i n  f r o n t  of  t h e  c e n t e r  of  grav­
i t y .  A s  was t h e  case f o r  t h e  airframe p i t c h i n g  moments, t h e  d i f f e r e n c e  between 
t h e  effect  of t h e  flow-through n a c e l l e s  and t h e  n a c e l l e s  w i th  t h e  f a n s  a t  z e r o  
t h r u s t  ( C T , J  0)  is  small. 

The effect  of h o r i z o n t a l - t a i l  i nc idence  is p resen ted  i n  f i g u r e  23. The 
h o r i z o n t a l - t a i l  effectiveness and t h e  t a i l  c o n t r i b u t i o n  t o  s t a b i l i t y  are cons is ­
t e n t  w i th  t h e  r e s u l t s  of  f i g u r e  13. 
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The effect  o f  i n c r e a s i n g  the  a u x i l i a r y  engine  t h r u s t  l e v e l  is p resen ted  i n  
f i g u r e  24. The r e s u l t s  show t h e  same t r e n d s ,  b u t  they  do no t  show the s t a b i l ­
i t y  r educ t ion  a t  small a n g l e s  of  a t tack t h a t  was found f o r  the  complete conf igu­
r a t i o n  ( f i g .  15). The t a i l  p rov ides  more s t a b i l i t y  a t  a n g l e s  o f  at tack n e a r  
s t a l l  as t h r u s t  is i n c r e a s e d ;  t h i s  is e s p e c i a l l y  n o t a b l e  i n  f i g u r e  24 (d )  f o r  the  
7.50/3O0 wing/ f lap  s e t t i n g .  

Lateral Aerodynamic Characteristics 

---IComparison o f  Phase IV and Phase 111.- A s  was p rev ious ly  desc r ibed ,  there 
were s e v e r a l  d i f f e r e n c e s  i n  t h e  e x t e r n a l  con tour s  of  the  models used i n  Phase IV 
and Phase 111. The only  l a te ra l  aerodynamic data ob ta ined  i n  Phase I11 were f o r  
the  compound h e l i c o p t e r  w i t h  t h e  127.0-cm (50- in . )  span lower h o r i z o n t a l  t a i l .  
These results are p resen ted  w i t h  t h e  r e su l t s  f o r  t h e  114.3-cm (45- in . )  span hor­
i z o n t a l  t a i l  from Phase I V  i n  f i g u r e  25. The decreased t a i l  span o f  Phase IV 
had l i t t l e  or  no e f fec t  on s t a t i c  d i r e c t i o n a l  s t a b i l i t y  (p o s i t i v e  CnB) but  

decreased  the  a i rcraf t  p o s i t i v e  e f f e c t i v e  d i h e d r a l  (nega t ive  C s l i g h t l y ,  as 

would be  expec ted .  S l i g h t  d i f f e r e n c e s  i n  t r i m  c o n d i t i o n s  which are e v i d e n t  i n  
t h i s  f i g u r e  may be  a t t r i b u t e d  t o  d i s c r e p a n c i e s  i n  rudder  d e f l e c t i o n s ,  i nc idence  
of  the two wing p a n e l s ,  o r  small imbalances i n  engine  t h r u s t .  

Airframe loads . - Various components of  the  model were tested on the  fuse ­
lage t o  determine the  aerodynamic c o n t r i b u t i o n  of  each. The e f f e c t i v e  d i h e d r a l  
and d i r e c t i o n a l  s t a b i l i t y  were eva lua ted  between - 5 O  and 5 O  o f  s i d e s l i p  and are 
summarized i n  tab le  11. 

The effect  of  adding t h e  v e r t i c a l  t a i l  t o  the f u s e l a g e  is p resen ted  i n  f ig­
u r e  26. A s  can be seen i n  t h i s  f i g u r e ,  t h e  v e r t i c a l  t a i l  c o n t r i b u t e s  p o s i t i v e  
e f f e c t i v e  d i h e d r a l  and s t a t i c  d i r e c t i o n a l  s t a b i l i t y .  The end-p la te  effect  of  
t h e  h e l i c o p t e r  t a i l  HH and t h e  compound t a i l  HC ( f i g .  27) i n c r e a s e d  t h e  
s t a t i c  d i r e c t i o n a l  s t a b i l i t y .  However, t h e  l o c a t i o n  of  t h e  h e l i c o p t e r  upper 
h o r i z o n t a l  t a i l  above t h e  r e f e r e n c e  c e n t e r  of  t he  model provided a p o s i t i v e  
increment t o  e f f e c t i v e  d i h e d r a l ,  whereas the  lower h o r i z o n t a l  t a i l  o f  the com­
pound t a i l  decreased the  e f f e c t i v e  d i h e d r a l .  

The effect  of w i n g  inc idence  and f l a p  d e f l e c t i o n  on the  l a t e ra l  aerodynamic 
c h a r a c t e r i s t i c s  of  t h e  model wi thout  t h e  empennage is p resen ted  i n  f i g u r e  28. 
As was d i scussed  i n  r e f e r e n c e  3 ,  the  7 O  geometr ic  d i h e d r a l  was coun te rac t ed  by 
the  p o s i t i o n  of the  wing on the bottom of t h e  f u s e l a g e .  The e f f e c t i v e  d i h e d r a l  
becomes more p o s i t i v e  as the wing inc idence  changes from -go t o  7.5O. Addition 
of the  compound t a i l  t o  t h e  wing-body c o n f i g u r a t i o n  produced p o s i t i v e  e f f e c t i v e  
d i h e d r a l  and s t a t i c  d i r e c t i o n a l  s t a b i l i t y  ( f i g .  2 9 ) .  

The r e s u l t s  of  adding the  a u x i l i a r y  t h r u s t  engine n a c e l l e s  t o  t h e  wing­
body-empennage c o n f i g u r a t i o n  are presented  i n  f i g u r e  30. The a d d i t i o n  of  
t h e  n a c e l l e s  produced no s i g n i f i c a n t  d i f f e r e n c e s  i n  the  la te ra l  aerodynamic
characterist ics.  
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Angle-of-attack effects on the la teral  aerodynamic characteristics are pre­
sen ted  i n  f i g u r e  31. Genera l ly ,  d i r e c t i o n a l  s t a b i l i t y  decreased wi th  i n c r e a s i n g  
a n g l e  of  at tack f o r  the  c o n f i g u r a t i o n s  g iven  i n  t h i s  f i g u r e .  However, p o s i t i v e  
e f f e c t i v e  d i h e d r a l  decreased  w i t h  i n c r e a s i n g  a n g l e  o f  attack when the engine  
n a c e l l e s  and pylon f a i r i n g s  were o f f  and inc reased  when they  were i n s t a l l e d .  

The effect  o f  a u x i l i a r y  engine  t h r u s t  is p resen ted  i n  f i g u r e  32 f o r  s e v e r a l  
wing/ f lap  s e t t i n g s  and a n g l e s  of  attack. I n c r e a s i n g  the  engine  t h r u s t  reduced 
the  p o s i t i v e  e f f e c t i v e  d ihed ra l  and the  s ta t ic  d i r e c t i o n a l  s t a b i l i t y .  

Wing loads . - Lateral aerodynamic characteristics o f  the  wing are p resen ted  
i n  f i g u r e s  33 t o  36. These f i g u r e s  r e p r e s e n t  wing l o a d s  f o r  v a r i o u s  t o t a l  con­
f i g u r a t i o n s  o f  the model. From these f i g u r e s ,  wing c o n t r i b u t i o n s  t o  s t a b i l i t y  
may be determined d i r e c t l y .  

The effect  of  wing inc idence  and f l a p  d e f l e c t i o n  on the  wing la teral  aero­
dynamic characterist ics is presen ted  i n  f i g u r e  33. The wing is p rov id ing  a 
d e s t a b i l i z i n g  increment t o  the  e f f e c t i v e  d i h e d r a l  i n  s p i t e  of  t h e  7 O  geometr ic  
d i h e d r a l .  T h i s  is due t o  t h e  i n t e r f e r e n c e  effect  from t h e  low wing placement on 
a r e l a t i v e l y  deep f u s e l a g e .  I n c r e a s i n g  the  wing inc idence  i n c r e a s e s  t h e  effec­
t i v e  d i h e d r a l ,  as expec ted .  The wing does provide  a p o s i t i v e  increment t o  t h e  
s t a t i c  d i r e c t i o n a l  s t a b i l i t y .  

The l a t e ra l  aerodynamic characterist ics of  the wing on t h e  compound h e l i ­
c o p t e r  wi thout  the  r o t o r s  are presented  i n  f i g u r e  34. A comparison of  t h i s  f ig­
u r e  w i t h  f i g u r e  33 i l l u s t r a t e s  t h e  effect  o f  t h e  empennage and engine  n a c e l l e s  
on t h e  wing. For t h e  two cases which are d i r e c t l y  comparable, l i t t l e  or no 
e f fec t  on s t a t i c  d i r e c t i o n a l  s t a b i l i t y  is ev iden t  w i t h  the  j e t s  a t  C T , J  0. 
The nonzero va lues  of  r o l l i n g  moment a t  B = Oo can be a t t r i b u t e d  t o  model 
asymmetries. 

The e f f e c t  of a n g l e  of attack on the  l a t e ra l  aerodynamic characterist ics o f  
the wing w i t h  t h e  model i n  v a r i o u s  c o n f i g u r a t i o n s  is p resen ted  i n  f i g u r e  35. 
I n c r e a s i n g  t h e  a n g l e  of  at tack of t he  model had a f a v o r a b l e  effect  on t h e  wing 
c o n t r i b u t i o n  t o  both  the e f f e c t i v e  d i h e d r a l  and t h e  s ta t ic  d i r e c t i o n a l  s t a b i l i t y  
f o r  t h e  c o n f i g u r a t i o n s  tested. This  e f f e c t  is c o n s i s t e n t  w i t h  t h a t  i n  f i g u r e  33 
f o r  comparable v a l u e s  of  w i n g  i nc ideqce .  

Auxi l ia ry- thrus t - induced  effects  on t h e  wing la te ra l  aerodynamic character­
i s t i c s  are p resen ted  i n  f i g u r e  36. I n c r e a s i n g  t h e  t h r u s t  l e v e l  f u r t h e r  degrades 
the e f f e c t i v e  d ihedra l  of the  wing. 

T a i l  loads . - The effect  o f  the  v e r t i c a l  t a i l  on the  t a i l  lateral  aerody­
namic characterist ics is p resen ted  i n  f i g u r e  37. The data f o r  the  c o n f i g u r a t i o n  
w i t h  the  v e r t i c a l  t a i l  o f f  (F1) i n c l u d e  l o a d s  on the  v e n t r a l  f i n  and t h e  a f t  
s e c t i o n  of  the  t a i l  cone. A s  would be expec ted ,  t h e  a d d i t i o n  of  the  v e r t i c a l  
t a i l  p rov ides  p o s i t i v e  s ta t ic  d i r e c t i o n a l  s t a b i l i t y  and e f f e c t i v e  d i h e d r a l .  
Addition of t h e  two h o r i z o n t a l - t a i l  c o n f i g u r a t i o n s  (see f ig .  38) had only  a 
s l i g h t  effect  on d i r e c t i o n a l  s t a b i l i t y .  However, t h e  p o s i t i v e  e f f e c t i v e  dihe­
d r a l  w a s  decreased by a d d i t i o n  of the  compound p o r i z o n t a l  t a i l  and inc reased  by 
a d d i t i o n  of  t h e  h e l i c o p t e r  t a i l .  
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W i n g  i n t e r f e r e n c e  on t h e  model empennage is shown i n  f i g u r e  39. As can be 
seen  i n  t h i s  figure, t h e  w i n g  downwash on t h e  t a i l - h a s  a f a v o r a b l e  effect on 
both  e f f e c t i v e  d ihed ra l  and s t a t i c  d i r e c t i o n a l  s t a b i l i t y  by inducing  a c l e a n e r  
flow over t h e  v e r t i c a l - t a i l  s u r f a c e .  

The a u x i l i a r y  t h r u s t  engine  n a c e l l e s  and pylon fa i r ings have i n s i g n i f i c a n t  
effects  on t h e  empennage s t a t i c  d i r e c t i o n a l  s t a b i l i t y  ( f ig .  40) .  

The effect  of  a n g l e  of  a t t a c k  on t h e  t a i l  la teral  aerodynamic c h a r a c t e r i s ­
t i cs  is presented  i n  f i g u r e  41. For t h e  c o n f i g u r a t i o n s  which were t e s t e d ,  
i n c r e a s i n g  t h e  a n g l e  of  attack decreased t h e  t a i l  c o n t r i b u t i o n  t o  t h e  e f f e c t i v e  
d i h e d r a l  and d i r e c t i o n a l  s t a b i l i t y  as t h e  empennage became immersed i n  t h e  wake 
o f  t h e  r o t o r  pylon and fuselage. 

F igu re  42 p r e s e n t s  the  e f f e c t  of t h e  a u x i l i a r y  engine  e f f l u x  on t h e  empen­
nage. I n  g e n e r a l ,  i n c r e a s i n g  t h e  t h r u s t  c o e f f i c i e n t  decreases t h e  t a i l  c o n t r i ­
bu t ion  t o  both t h e  e f f e c t i v e  d i h e d r a l  and t h e  d i r e c t i o n a l  s t a b i l i t y .  This  
effect  becomes s i g n i f i c a n t  a t  t h e  h ighe r  wing/ f lap  s e t t i n g  (iw= 7 .5O;  6f = 00) 
because of  t h e  i n t e r a c t i o n  o f  t h e  j e t  e f f l u x  and wing downwash. 

SUMMARY OF RESULTS 

A wind-tunnel i n v e s t i g a t i o n  was conducted t o  determine t h e  a i r f r a m e ,  wing, 
and t a i l  aerodynamic characterist ics o f  a 1 /6-sca le  model of  t h e  RSRA w i t h  t h e  
r o t o r s  removed. The r e s u l t s  of t h i s  i n v e s t i g a t i o n  may be summarized as fo l lows:  

1. The h e l i c o p t e r  and t h e  compound h e l i c o p t e r  had s ta t ic  l o n g i t u d i n a l  
s t a b i l i t y .  

2 .  The d i r e c t  e f f e c t  o f  t h e  wing was t o  provide  a s t a b i l i z i n g  increment and 
of t h e  a u x i l i a r y  t h r u s t  engine  n a c e l l e s  t o  provide  a d e s t a b i l i z i n g  increment t o  
t h e  s t a t i c  l o n g i t u d i n a l  s t a b i l i t y .  

3. The induced e f f e c t  o f  t h e  wing and of  t h e  engine  n a c e l l e s  reduced t h e  
t a i l  c o n t r i b u t i o n  t o  t h e  s t a t i c  l o n g i t u d i n a l  s t a b i l i t y .  

4.  Both t h e  h e l i c o p t e r  and t h e  compound h e l i c o p t e r  showed p o s i t i v e  effec­
t i v e  d i h e d r a l  and s t a t i c  d i r e c t i o n a l  s t a b i l i t y .  

5. I n  g e n e r a l ,  t h e  induced e f f e c t s  of t h e  wing downwash and the engine 
e f f l u x  reduced the p o s i t i v e  e f f e c t i v e  d i h e d r a l  and the  s t a t i c  d i r e c t i o n a l  
s t a b i l i t y .  

6 .  The wing provided a d e s t a b i l i z i n g  increment t o  t h e  e f f e c t i v e  d i h e d r a l ,  
d e s p i t e  t h e  p o s i t i v e  geometr ic  d i h e d r a l  of t h e  wing i t s e l f ,  and a p o s i t i v e  
increment t o  the s t a t i c  d i r e c t i o n a l  s t a b i l i t y .  

7. The d i rec t  e f fec t  of  t h e  v e r t i c a l  t a i l  was t o  provide  p o s i t i v e  e f f e c t i v e  
d i h e d r a l  and s t a t i c  d i r e c t i o n a l  s t a b i l i t y .  
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TABLE I .. MODEL DATA 

Fuselage: 
Length. m ( f t )  . . . . . . . . . . . . . . . . . . . . . . . .  3.057 (10.03) 
F ron ta l  area.  m2 ( ‘ f t2 )  . . . . . . . . . . . . . . . . . . . . .  0.172 (1.85) 

W i n g  : 
A i r f o i l  s ec t ion  . . . . . . . . . .  
Area. m2 ( f t 2 )  . . . . . . . . . . .  
Span. m ( i n . )  . . . . . . . . . . .  
Mean aerodynamic chord. m ( i n . )  . . 
Aspect r a t i o  . . . . . . . . . . . .  
Taper r a t i o  . . . . . . . . . . . .  
Sweep of 25-percent-chord l i n e .  deg 
Dihedral. deg . . . . . . . . . . .  
Flaps (each) : 

Area. m2 ( f t 2 )  . . . . . . . . . .  
Span. percent of w i n g  semispan . . 
Chord. percent  of l o c a l  . wing chord 

Aileron: 
Area. m2 ( f t 2 )  . . . . . . . . . .  
Span. percent  of wing semispan . . 

. . . . . . . . . . . . .  . NACA 632415 

. . . . . . . . . . . . .  0.954 (10.27) 

. . . . . . . . . . . . .  2.29 (90.0) 

. . . . . . . . . . . . .  0.423 (16.67) 

. . . . . . . . . . . . .  . . . . .  5.52 . . . . . . . . . . . . .  . . . . .  0.66 

. . . . . . . . . . . . .  . . . . .  3.0 

. . . . . . . . . . . . .  . . . . .  7.0 

. . . . . . . . . . . . .  0.074 (0.80) 

. . . . . . . . . . . . .  . . . . .  49.0 

. . . . . . . . . . . . .  . . . . .  33.0 

. . . . . . . . . . . . .  0.047 (0.50) 

. . . . . . . . . . . . .  . . . . .  34.0 
Chord. percent of l o c a l  wing chord ’ . . . . . . . . . . . . .  . . . . .  34.0 

Ver t i ca l  s t a b i l i z e r :  
A i r f o i l  s ec t ion  . . . . . . . . . . . . . . . . . . . . . . . . .  NACA 0015 
Area. m2 ( f t2). . . . . . . . . . . . . . . . . . . . . . . .  0.294 (3.164) 
Span. m ( f t )  . . . . . . . . . . . . . . . . . . . . . . . . .  0.813 (2.67) 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.25 
Root chord. m ( f t )  . . . . . . . . . . . . . . . . . . . . . .  0.476 (1.56) 
Rudder. percent of l o c a l  chord . . . . . . . . . . . . . . . . . . . . .  37.0 

Helicopter t a i l  : 
A i r f o i l  s ec t ion  . . . . . . . . . . . . . . . . . . . . . . . . .  NACA 0015 
Area. m2 ( f t 2 )  . . . . . . . . . . . . . . . . . . . . . . . .  0.091 (0.98) 
Span. m ( f t )  . . . . . . . . . . . . . . . . . . . . . . . . .  0.674 (2.21)  
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5.15 
Root chord. m ( f t )  . . . . . . . . . . . . . . . . . . . . . .  0.183 (0.599) 
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.487 

Compound t a i l  : 
A i r f o i l  s ec t ion  . . . . . . . . . . . . . . . . . . . . . . . . .  NACA 0015 
Area. m2 ( f t 2 )  . . . . . . . . . . . . . . . . . . . . . . . .  0.046 (0.48) 
Span. m ( f t )  . . . . . . . . . . . . . . . . . . . . . . . . .  0.44 (1.43) 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.29 
Root chord. m ( f t )  . . . . . . . . . . . . . . . . . . . . . .  0.128 (0.42) 
Taper  r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.60 

Lower ho r i zon ta l  t a i l  : 
A i r f o i l  s ec t ion  . . . . . . . . . . . . . . . . . . . . . . . . .  NACA 0015 
Area. m2 ( f t 2 )  . . . . . . . . . . . . . . . . . . . . . . . .  0.228 (2.45) 
Span. cm ( i n . )  . . . . . . . . . . . . . . . . . . . . . . . .  114.3 (45.0) 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5.75 
Root chord. m ( f t )  . . . . . . . . . . . . . . . . . . . . . .  0.198 (0.65) 
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.00 
Ratio of e l eva to r  chord t o  t a i l  chord . . . . . . . . . . . . . . . . .  0.30 
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TABLE I1.- STABILITY DERIVATIVES FOR V A R I O U S  CONFIGURATIONS WITH THE ROTOR REMOVED 

F1 0.001 

FlV .001 

FIVHH .007 
F1V"C .020 
FlWl .074 
F1Wp .074 

F1W5 , .076 
Fiw6 .076 
FlW2V"C .086 
F1W6VHC .086 
FlWlVHCJl .090 

aEvalua ted  between 
bEvalua ted  between 

I 

-___ 
I I 

0 0.0110 ' 0.0008 0 
' 0 .  .a110 1 .0008 -.0007 

.005 -.0200 -.0298 -.0010 

.016 -.0520 , -.0617 I -.0006 
0.061 .0090 -0.0163 .0006 
.O61 .0077 -.0155 ' .0003 

.0010 

-.0001 

-.a004 
-.0010 

-.0001 

I 

r--­

~ 0.0001 I 
I -.0006 

-.0008 
- .0005 

' 0.0007 , 

-0.0022 

.0015 

.0018 

.0022 
-.0023 

-.0025 
-.0015 

- e  0037 
.0028 .0063 
.004 1 .0070 
.0026 .0050 
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( a>  Airframe. 

F igure  1 .  I Sign convention f o r  moments, f o r c e s ,  and ang le s  P o s i t i v e  
d i r e c t i o n s  are i n d i c a t e d  by ar rows .  
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(b) Wing (hatched area). 

F igu re  1.- Continued. 
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Front v i e w  

MX,t 

( c )  Tail (hatched area). 

F igu re  1.- Continued. 
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(d) Aerodynamic surfaces. 

Figure 1.- Concluded. 
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(a )  Three-view sketch.  

F igure  2.- Details of model. A l l  dimensions shown i n  cm ( i n . )  un le s s  o therwise  s p e c i f i e d .  
(F .S . ,  fuse lage  s t a t i o n ;  W.L., water l i n e ;  B . L . ,  bu t tock  l i n e . )  
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(103.13) 

Helicopter t a l l  

Upper h o r i z o n t a l  

i
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Compound t a i l  .J  
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(b) Hel i cop te r  t a i l  HH and compound t a i l  

F igu re  2.- Continued. 

23 


I.. 



U U  
0 5 in. 

0
-0 cm 

E. L 
34.71 

113.671 

B. L 
16.93 
16.671 l l 

TOTAL-PRESSURE PROBE 7 


w.L-95.09 
(37.441 

57.28
I- (2255)  I 
( C )  Auxi l ia ry  t h r u s t  engine s imula to r s .  

F igure  2.- Concluded. 
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Figure 3.- Model in Langley V/STOL tunnel. 
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F i g u r e  4.- Comparison o f  l o n g i t u d i n a l  ae rodynamics  f rom Phase  I V  and Phase  I11 
f o r  f u s e l a g e ,  v e r t i c a l  t a i l ,  and wing (F,W,V). 

26 



.E 

.4 


.2 


cm 

0 

0 Phase 
-.2 0 Phase 

-.4 

1.2 

I.o 

.8 


.6 


.4 

.2 

0 

- .2 

- .4 

-.6 

-.8 

-1.0
-15 -10 -5 0 5 IO 15 .3 .4 . 

a,deg % 
(b) i, = 7 . 5 O ;  bf = oo. 

F i g u r e  4.- Concluded.  
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( a )  He l i cop te r  t a i l  (F~VHH).  (Phase I11 data f o r  shor tened  v e r t i c a l  t a i l . )  

F igu re  5.- Comparison of l o n g i t u d i n a l  aerodynamics from Phase I V  and Phase I11 
fo r  f u s e l a g e ,  v e r t i c a l  t a i l ,  and h o r i z o n t a l  t a i l .  
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(b) Compound t a i l  (F~VHC).  (Phase I11 data for 118 
span h o r i z o n t a l  t a i l . )  

F igu re  5 .- Concluded. 
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Figure  6.- Comparison of  l o n g i t u d i n a l  aerodynamics from Phase I V  and Phase I11 
f o r  f u s e l a g e ,  wing, v e r t i c a l  t a i l ,  and compound h o r i z o n t a l  t a i l  (FIWIVHc).  
(Phase I11 data f o r  127.0-cm (50 .0- in . )  span h o r i z o n t a l  t a i l . )  
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F i g u r e  7.- Comparison o f  l o n g i t u d i n a l  ae rodynamics  f rom Phase  I V  and Phase  111 
f o r  f u s e l a g e ,  wing, v e r t i c a l  t a i l ,  and a u x i l i a r y  t h r u s t  j e t s  (F1WxVJ2). 
Trim t h r u s t .  
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Figure 7.- Concluded. 
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Figure  8.- Comparison of l o n g i t u d i n a l  aerodynamics from Phase I V  and Phase I11 
f o r  f u s e l a g e ,  wing, ver t ica l  t a i l ,  compound h o r i z o n t a l  t a i l ,  and a u x i l i a r y
t h r u s t  jets (F1WXVHcJ2). Trim t h r u s t . .  (Pha ie  I11 d a t a  are average o f  d a t a  
for  t h e  118.5-cm (46 .67- in . )  span t a i l  and t h e  110.1-cm (43.33-in.)  span t a i l . )  

33 



.6 


.4 

.2 
cnl 

0 


-.2 

-.4 

cL 

a tdeg 

(b) i, = O o ;  6, = 300. 

Figure 8.- Continued. 


34 




.6 


.4 

.2 

cm 

0 

-.2 

-.4 

1.8 

1.6 

I4 

1.2 

I.o 

.8 

0 Phase= 
0 P h o s e I I I  

c~ 	 .6 ::1 
.4 

.2 

0 

-.2 

- .4 

-5 0 5 10 15 2 

a , d e g  

(c )  i, = 7 . 5 O ;  6f = Oo. 

F i g u r e  8.- Continued. 

35 




.6 


.4 


.2 


0 


-.2 


-.4 

i j  

- I  0 I 2 3 4 .5 


a,deg cD 


(d) i, = 7 .5O;  6f = 30°. 

Figure 8.- Concluded. 


36 




"'0 .2 .4 .6 .8 1.0 1.2 1.a 1.6 1.8 

_ _  ~~ -. __ 
Figure  9 .- Comparison of v a r i a t i o n  of drag wi th  l i f t  squared for  Phase I11 

w
4 

and Phase V. FlW,; 6, = O o .  



W
03 


-15 -10 -5 0 5 IO 15 20 -.2 0 .2 4 .6 4 .2 0 -.2 -4  -.6 w.8 

a,deg cD cm 

(a> Wing and jets removed. 


Figure 10.- Effect of empennage components on longitudinal aerodynamics. it = Oo. 
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-15 -10 -5 0 5 10 15 20 -2  0 .2 4 .6 4 .2 0 -.2 -4  -.6 -.8 

a,deg cD Cm 

( C >  i, 7.5'; 6f 30'; j e t s  removed. 

F igu re  10.- Concluded. 



.6 

.4 


.2 

cm 0 

-.2 

-.4 


J= 

Figure  11.- Effect of wing inc idence  and f l a p  d e f l e c t i o n  on airframe l o n g i t u d i n a l  aerodynamics. it = Oo. 
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F igu re  11.- Concluded. 



Figure 12.- Ef fec t  of a u x i l i a r y  t h r u s t  engine n a c e l l e s  on airframe l o n g i t u d i n a l  aerodynamics. it =. Oo.  
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(a) Helicopter tail (F~VHH). 

Figure 13.- Effect of horizontal-tail incidence on airframe longitudinal aerodynamics. 
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Figure 13.- Continued. 
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Figure 15.- Effect of auxiliary engine thrust level on airframe longitudinal aerodynamics. 
F1WXVHcJ2; it = 00. 
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F i g u r e  15.- Concluded. 
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Figure 17.- Effect of wing incidence and f l a p  d e f l e c t i o n  on wing long i tud ina l  aerodynamics. 
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Figure 17.- Concluded. 
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Figure 19.- Effect of auxiliary engine thrust on wing longitudinal aerodynamics. 
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Figure 19.- Continued. 
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Figure  19.- Continued. 
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F i g u r e  21.- Concluded. 
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Figure  23.- Continued. 
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Figure 23.- Concluded. 
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F i g u r e  25.- Continued'. 
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